The purpose of this study was to investigate the latest trends and demographics of surgical treatment of posterior cruciate ligament (PCL) insufficiency in the United States. Patients who underwent surgical treatment of PCL insufficiency from 2007 to 2011 were identified by searching the International Classification of Diseases, Ninth Revision, Clinical Modification codes and Current Procedural Terminology codes in the PearlDiver Patient Records Database (PearlDiver Technologies, Warsaw, Indiana), a publicly available national database of insurance records. The chronicity of injury, year of procedure, age, sex, region of the United States the surgery was performed, and other concomitant meniscus and ligamentous operations were elicited for each patient. In total, 701 cases of surgical PCL procedures (222 isolated and 479 combined) were identified. More PCL surgeries were completed for acute injuries (74%) than for chronic injuries (26%). Among associated procedures, meniscectomies and meniscus repairs were performed for 293 (41%) and 51 (7%) patients, respectively. Meniscectomies were completed in 77 (35%) isolated reconstructions vs 216 (45%) combined reconstructions (P=.01; odds ratio, 0.65). Of the combined PCL surgeries, anterior cruciate ligament (ACL)/PCL was the most common (62%), followed by ACL/ PCL/collateral ligament repair (11%) and PCL/other ligamentous reconstruction (9%). No specific trends were observed in the yearly number of PCL procedures performed. The peak number of isolated PCL surgeries was observed in a younger age group (20-29 years) than that of combined PCL surgeries (30-39 years) (P<.01). Surgical treatment for PCL insufficiency remains reserved for acute multiligamentous knee injuries, with ACL/PCL operations being the most common combined procedure. [Orthopedics. 2015; 38(4):e281-e286.].
R ecently, posterior cruciate ligament (PCL) injuries and treatment methods have received increased attention because the biomechanical function of the PCL and the natural history of chronic insufficiency have become better elucidated. Historically, isolated PCL injuries have done well with nonoperative treatment, whereas multiligamentous knee injuries involving the PCL have been addressed surgically. [1] [2] [3] However, newer studies on nonoperative treatment have demonstrated mixed results, with patients doing well functionally but complaining of pain with activity. 4 It has been well documented that the PCL-deficient knee results in altered loads and kinematics during functional activities. [5] [6] [7] Long-term studies of nonoperatively treated PCL insufficiency have shown a high incidence of arthrosis, particularly in the medial and patellofemoral compartments, as well as an increased risk for injury to the meniscus and posterolateral structures. 4, [7] [8] [9] [10] Recent advances in surgical techniques have allowed surgeons to consider operative treatment for PCL tears. Although the decision to operate on isolated ruptures still remains controversial, there appears to be an evolution toward surgical treatment in the past decade. Furthermore, the demographics of surgical treatment for multiligamentous knee injuries involving the PCL is not well characterized. Therefore, the purpose of this study was to investigate the latest trends and demographics of surgical treatment of PCL insufficiency in the United States.
Materials and Methods
Records for patients undergoing surgical treatment of PCL insufficiency were searched using the PearlDiver Patient Record Database (PearlDiver Technologies, Warsaw, Indiana) using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) and Current Procedural Terminology (CPT) codes. This is a publicly available national database of insurance billing records, with the largest contribution from UnitedHealth Group (Decatur, Illinois). More than 216 million individual patient records from over 20 million patients with orthopedic ICD-9-CM and CPT codes are available from the years 2007 to 2011. Access to the database was granted by PearlDiver Technologies for the purpose of academic orthopedic research. Results were searched with a combination of ICD-9-CM and CPT codes and sorted by year, 5-year age group, sex, and region of the United States.
The CPT code for arthroscopically aided PCL repair/augmentation or reconstruction (29889) was searched in conjunction with the ICD-9-CM code for acute (844.2) or chronic (717.84) PCL tear using the boolean "AND." Isolated PCL surgeries were elicited by excluding CPT codes corresponding with ACL repair/augmentation or reconstruction (29888), primary repair of a torn collateral knee ligament and/or capsule (27405), and extra-or intraarticular knee ligamentous reconstruction (27427, 27428, 27429). Multiligamentous procedures involving the PCL were elicited by searching in conjunction with every permutation of the aforementioned CPT codes. The authors defined combined PCL surgeries as those in which the PCL and at least 1 additional ligament required repair or reconstruction. Furthermore, CPT codes corresponding with medial and/or lateral meniscectomy (29880, 29881) and medial and/or lateral meniscus repair (29882, 29883) were used to delineate concomitant meniscus procedures ( Table 1 ). The resultant combination of codes resulted in 48 separate searches (6 for isolated and 42 for combined).
Logistic regression was performed to test the significance of trends over time. The chi-square test was performed to test significance of categorical variables for isolated vs combined PCL surgeries. The chi-square test for trend was performed for age analysis. The level of significance was designated at a P value less than .05. 
results
In total, 701 cases of PCL surgical procedures (222 isolated and 479 combined) were identified between 2007 and 2011 ( Table 2) . The majority of these surgeries (68%) were in combination with other ligamentous procedures. More PCL procedures were completed for acute (74%) than chronic (26%) injuries. The proportion of isolated PCL surgeries for chronic injuries (27%) did not differ significantly from that for acute injuries (33%) (P=.12). The male-to-female ratio of patients undergoing PCL surgeries was 1.97, with 66% of patients being men and 34% of patients being women. The sex ratios did not differ significantly between isolated and combined surgeries (P=.35). Most identified surgeries (57%) were performed in the south compared to the midwest, northeast, and west regions (P=.03).
Among associated procedures, meniscectomies and meniscus repairs were performed for 293 (41%) and 51 (7%) patients, respectively. Meniscectomies were completed in 77 (35%) isolated PCL surgeries vs 216 (45%) combined surgeries (P=.01), resulting in an odds ratio of 0.65 (95% confidence interval, 0.46-0.90). Meniscus repairs were completed in 10 (5%) isolated PCL surgeries vs 41 (9%) combined surgeries (P=.06). Anterior cruciate ligament (ACL) repair/augmentation or reconstruction was the most common concomitant ligamentous procedure (82%), followed by collateral ligament repair (22%) and other ligamentous reconstruction (20%). Of the combined PCL surgeries, ACL/PCL was the most common (62%), followed by ACL/PCL/collateral ligament repair (11%) and PCL/other ligamentous reconstruction (9%) ( Table 3) .
Yearly averages for isolated and combined PCL surgeries were 44 and 98 cases, respectively (Figure 1) . The yearly average ratio of combined to isolated PCL surgeries was 2.21. No significant trend was found in the ratio of surgical treatment over the course of the 5-year period (P=.58). Trends between the age of patients undergoing isolated vs combined PCL surgeries were significantly different (P<.01) (Figure 2) . The peak number of isolated PCL surgeries occurred in the 20 to 29 year age group, whereas that of combined PCL surgeries occurred in the 30 to 39 year age group.
discussion
Traditionally, isolated PCL ruptures have been treated conservatively, whereas multiligament-injured knees involving the PCL have been addressed surgically. 
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Many studies have supported the theory that isolated PCL injuries do well with nonoperative treatment. 1, 3 Although many patients may clinically tolerate a PCLdeficient knee, more recent studies have described altered loads and kinematics during functional activities. [5] [6] [7] It is well established that the natural history of chronic PCL deficiency involves premature degeneration of articular cartilage in the medial and patellofemoral compartments and an increased risk for injury to the meniscus and posterolateral structures. 4, [7] [8] [9] [10] Although the available literature is limited, the outcomes of isolated PCL reconstruction are generally good, with patient-reported outcomes greatly improved from preoperative level of function. [11] [12] [13] However, return to preinjury activity level is less predictable, and current techniques do not seem to reliably restore normal stability and prevent degenerative arthritis. 13, 14 Other techniques, such as repair and augmentation, preserve remnant fibers with the belief that the PCL can heal spontaneously given its blood supply from the branch of the middle genicular artery and superficial synovial layer. [15] [16] [17] However, the available literature on the outcomes of these procedures is generally limited as well. 18 Currently, operative treatment for isolated PCL injuries is generally reserved for grade III types that have failed nonoperative management. 19 The ideal method of reconstruction (transtibial vs tibial inlay reconstruction, double vs single bundle reconstruction, graft choice, fixation methods) and other techniques continues to be evaluated in an effort to improve outcomes and possibly expand the indications for surgical treatment.
The incidence of PCL injuries ranges from 1% to 40% in all acute knee ligament injuries, and such injuries are more frequently diagnosed in the trauma setting than for athletic injuries.
2,20-22 Fanelli et al 23 reviewed 46 acute PCL injuries and reported that 69.9% were related to multiple trauma, whereas only 30.4% were related to sports. The majority of PCL tears (93.5%) in their institution were associated with other injured ligaments. 23 In a German study of 494 patients with PCL insufficiency, 45.3% were related to vehicular trauma and 39.9% to sporting activities. 24 In that series, 47.5% had associated ligament injuries. 24 In a recent analysis of 106 patients with multiligamentous knee injuries, the most common injury pattern (43%) was a combined disruption of the ACL/PCL/posterolateral corner (PLC). 25 This particular combination of injuries is typically addressed as early as safely possible, which permits sealing of capsular tissues and primary repair of injured posterolateral structures. 23 Moreover, an untreated PLC injury may result in increased loads in the PCL graft and subsequent PCL graft failure. 26, 27 In contrast, certain ACL/PCL/medial collateral ligament (MCL) injuries can be treated with brace treatment of the MCL followed by arthroscopic combined ACL/ PCL reconstruction after healing of the MCL. 23 Although the current study could not ascertain the extent of each multiligamentous injury, most reconstructions consisted of the ACL/PCL; however, whether the medial or lateral structures were addressed later in a staged fashion is not known. Combinations of ACL/PCL/other ligamentous repair or reconstruction consisted of only 20% of combined PCL surgeries. A correlation between the extent of injury and treatment would be difficult in this type of study given the combination and specificity of ICD-9-CM and CPT codes that are required; nevertheless, such an approach is needed to ascertain how orthopedic surgeons are addressing multiligamentous knee injuries.
More meniscectomies were completed in combined vs isolated PCL procedures, and meniscus repairs followed the same trend. This may be attributed to the higher level of energy required for multiligament injuries that results in a higher risk of meniscus tears, although this has not been confirmed in the literature. For isolated PCL insufficiency, Geissler and Whipple 28 reported meniscus tears in 27% of patients with acute injuries and 36% of patients with chronic injuries. Boynton and Tietjens 29 reported that 21% of patients had surgeries for meniscus tears after their isolated PCL injuries. In contrast, Kaeding et al 30 reported damage to 35% of menisci (28 total) in 39 patients with multiligamentous knee injuries involving the ACL and PCL. Despite recent advances in surgical treatment for PCL insufficiency, the current study found no significant change in the number of surgical PCL procedures from 2007 to 2011. The number of combined PCL surgeries consistently doubled that of isolated surgeries from year to year. Therefore, it appears that the indications for surgical treatment of PCL deficiency have largely remained unchanged over recent years. The rarity of PCL injuries and the difficulty of these procedures may also contribute to a surgeon's hesitation to proceed with surgical treatment. The male-to-female ratio of patients undergoing PCL procedures in this study was 1.97, compared to a ratio of 3.42 in a prospective database of 234 PCL reconstructions. 31 However, both ratios are consistent with the sex distribution in patients diagnosed with PCL injuries, the majority of whom are men. 24 This is contrary to ACL injuries, which female athletes are 2 to 8 times more likely to sustain than male athletes. [32] [33] [34] In addition, PCL procedures were more likely to be completed in the south than in other regions. However, it is difficult to draw conclusions regarding the regional practice patterns for PCL procedures given the relatively low incidence of these procedures. A small number of surgeons performing a disproportionately high number of operations are likely to bias regional analysis. Comparison to recorded cases in the American Board of Orthopaedic Surgery database would be helpful in delineating the geographic variation of these procedures. Finally, the peak number of isolated PCL procedures was observed in a younger age group (20-29 years) than that of combined PCL reconstructions (30-39 years). Both are consistent with ranges reported in the literature for isolated PCL and multiligamentous knee injuries. 24, 25, 31 Several limitations exists for this study. As with any retrospective review of a large orthopedic database searched by ICD-9-CM and CPT codes, the data may be subject to errors in coding. Similarly, the data are limited by the specificity of these codes. For example, current codes do not distinguish between acute ACL and PCL injuries or between PCL repair, augmentation, and reconstruction. Moreover, PLC injuries and repair/reconstruction do not have specific codes. In addition, the database is not a true cross-section of the US population. The south is overrepresented due to penetrance of the UnitedHealth group in that region more than in other regions of the country, where competitors such as BlueCross, Aetna, and Kaiser Permanente own larger market shares. The database also does not include Medicare, Medicaid, and uninsured patients. Finally, a total number of patients within each category could not be obtained; therefore, incidences could not be calculated. Despite these limitations, this is the first study of its kind to examine the recent trends and demographics of PCL surgeries in the United States.
conclusion
Posterior cruciate ligament injuries, although rare, can present in isolation or in conjunction with other ligamentous injury. Despite recent advances in the understanding and treatment of PCL insufficiency, surgical treatment remains reserved for acute multiligamentous knee injuries, with ACL/PCL operations being the most common combined procedure.
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